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[57] ABSTRACT

A seton constructed of a hydrogel material 1s surgically
implanted in the anterior chamber of the eye in order to
alleviate intraocular pressure. Once implanted, the
seton acts as a wick due to its porosity to reduce the
intraocular pressure. The material from which the seton
is constructed is a material which is biocompatible with
the tissue of the eye and allows fluid within the eye to
migrate about the seton without bacterial ingress to the
eye, such as for example, a hydrogel material having a
water content ranging from 30% to 79%.

15 Claims, S Drawing Figures
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HYDROGEL SETON

BACKGROUND OF THE INVENTION

The field of the invention is treatment of eye disor-
ders, and more particularly setons used to treat uncon-
trolled mtraocular pressure.

Glaucoma is a disease of the eye which affects a sub-
stantial number of people. It involves uncontrolled in-
traocular pressure within the eye caused by obstruction
of the trabecular meshwork and causes permanent dam-
age to the optic nerve. Surgical treatment of glaucoma
has been limited due to failure to control intraocular
pressure as well as post-operative complications which
tend to exacerbate the pre-operative increased intraocu-
lar pressure.

The eye 1s a complex organ. The front of the eye is
covered by the cornea. The cornea refracts light
through the anterior chamber to the lens. Muscles con-
trol the size of the entrance aperture of the eye, also
known as the pupil. The lens is suspended by the iris and
focuses the refracted light through the vitreous cham-
ber and onto the retina in the back of the eye. The shape
of the lens can be varied by muscles within the eye to
focus on objects that are close or far away.

Normally, the fluid within the eye, known as aqueous
humor is produced by the ciliary body and migrates
through the pupil, into the anterior chamber, through
the trabecular meshwork and into the aqueous veins
which form fluid collection channels beneath the con-
junctiva. Glaucoma results when the intraocular pres-
sure 1s not relieved by aqueous migration. This is typi-
cally due to obstruction of the trabecular meshwork.
The uncontrolled high pressure of glaucoma leads to
permanent damage of the optic nerve.

Medical treatment of the uncontrolled high pressure
of glaucoma has had varying success. Medicines in the
form of eye drops or pills to reduce the production of
aqueous in the ciliary body and/or increase the outflow
of aqueous through the trabecular meshwork are often
used. In some cases, surgical filtration procedures are
attempted. One such technique creates a hole through
the limbus and excises a piece of the trabecular mesh-
work. After filtration surgery, the aqueous will flow
from the anterior chamber through the excised surgical
area and into the space beneath the conjunctiva where
it 1s finally absorbed by the body.

Another attempt to improve the filtration through
the trabecular meshwork involves placing several
Argon laser burns throughout the enter circumference
of the trabecular meshwork in hopes of opening up the
trabecular meshwork spaces. This procedure is called
Argon laser trabeculoplasty.

In certain high risk cases, these surgical techniques
are typically unsuccessful due to the post-operative
scarring of the wound or the scleral tissue. This scarring
prevents migration of the aqueous out of the eye and
results 1n a recurrance of the uncontrolled intraocular
pressure of glaucoma. ,

Another method to attempt to relieve the uncon-
trolled high pressure of glaucoma is to perform an irid-
-encleisis. The procedure involves pulling a piece of the
iris through a wound cut into the anterior chamber.
Serious infection and inflammation of the wound often
results from this procedure. In addition, a piece of carti-
lage has been implanted into the eye in an attempt to
control glaucoma. This procedure failed due to scar
tissue forming about the wound and the closure pre-
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venting migration of aqueous. Finally, seton implants in
the form of polypropylene tubing and a Krupin Valve
implant have failed due to post-operative extrusion of
the implants through the wound as well as the forma-
tion of clots which act to inhibit the flow of aqueous.

In cases where medicines, laser trabeculoplasty and
surgical filtration procedures, such as a trabeculectomy,
have failed, the only medically proven method for con-
trolling pressure within the eye is to permanently dam-
age the ciliary body. This procedure, known as Cyclo-
crytherapy, involves externally freezing the sclera
above the ciliary body. This process damages any po-
tentially functioning trabecular meshwork and is
frought with complications, such as bleeding within the
eye and other significant damage to the eye, thereby
causing loss of use of the eye.

SUMMARY OF THE INVENTION

In order to reduce excessive intraocular pressure it is
necessary to allow aqueous to migrate out of the eye.
The invention disclosed herein is a device which is
blocompatible with the tissue in the eye and allows fluid
to migrate through the device to the space under the
conjunctiva without allowing bacteria to ingress into
the eye. The seton is made of a porous material, such as
a hydrogel material having a water content ranging
from 30% to 79% (hereinafter hydrogel), and is surgi-
cally implanted in the eye. The seton is shaped so as to
retain its position once implanted and provides adequate
surface area to accommodate the passage of the aque-
ous. The seton acts as a conduit for fluid to migrate
from the inner portion of the eye outwards. Intraocular
pressure 1s thereby reduced in a controlied fashion
while preventing bacteria from entering the eye.

An object of the invention is to provide a means for
treating the excessive intraocular pressure symptomatic
of glaucoma which is biocompatible with the tissue of
the eye. |

An additional object of the invention is to provide a
means to relieve intraocular pressure in a controlled
fashion which prevents bacteria from entering the eye.

A further object of the invention is to provide an
mtraocular pressure relief device which will retain its
position once surgically implanted within the eye.

A further object of the invention is to provide a
means for relieving intraocular pressure which will not
permanently damage the eye or its ability to function
normally.

A further object of the invention is to provide a
means for relieving the excessive intraocular pressure of
glaucoma which will not be defeated by subsequent

scarring of the tissue of the eye. Other and more de-
tailed objects and advantages of the invention will be-

come apparent from examination of the description and
drawings herein.

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 11s a front view of an embodiment of the seton;
F1G. 2 1s a side view of an embodiment of the seton;
FIG. 3 is a cross-sectional view of an embodiment of

the seton taken substantially along line 3—3 of FIG. 1;

FIG. 4 is a cross-sectional view of an embodiment of
the seton taken substantially along line 4—4 of FIG. 1;
and,

FIG. S 1s a cross-sectional view showing an embodi-
ment of the seton implanted in an eye.
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DETAILED DESCRIPTION OF THE
INVENTION

As shown in FIGS. 1-4, the seton 10 has a base por-
tion 12 which is essentially triangular in shape. A neck
portion 14 extends from the upper corner 15 of the
triangular base portion 12. A lip portion 16 1s formed
about the upper end of the neck portion 14 furthest from
the triangular base portion 12. As can be seen clearly in
FIGS. 2-4, the seton has a cross-section which varies
from an ellipse at the lip end 16 to an oval at the lower
end of triangular base 12.

The seton 10 is implanted into the eye 19, as illus-
trated in FIG. 5. A trabeculectomy procedure s per-
formed under a limbus-based conjunctival flap by dis-
secting a rectangular piece of sclera 20 5 mm X5 mm 1n
partial thickness into the clear cornea. An Incision 1S
made into the anterior chamber 23 using razor blade
fragments on both sides of the subscleral wound to
permit a rectangular-sized piece of cornea 22, Schalbe’s
line and a portion of the filtration meshwork 26 measur-
ing 2 mm in vertical height and 3 to 4 mm in length to
be removed from the eye. The bed of the wound is
appropriately cauterized to prevent bleeding. An iridec-
tomy is performed only if the iris 25 prolapses into the
wound.

A seton 10 as described hereinabove, with previously

factory lathed edges is inserted into the wound. The

seton 10 is made from a hydrogel material having a
water content which ranges from 30% to 79% (herein-
after hydrogel). The lip portion 16 of the seton 10
which fits into the anterior chamber 23 is slightly larger
than the incision in the anterior chamber 23. By com-
pressing the lip portion 16 of the seton 10 prior to inser-
tion into the anterior chamber 23, the subsequent expan-
sion of the lip portion 16 will act to maintain the posi-
tion of the seton 10. The lip portion 16 thereby acts to
prevent extrusion of the seton 10 into the subscleral
space 30. The scleral flap 28 is then closed over the
seton 10 with 2 interrupted 10-0 monofilament nylon
sutures at the apices of the wound. So implanted, only
the corners of the lower end of the triangular base 12 of
the seton 12 will protrude from beneath the sutured
scleral flap 28. The conjunctiva 32 is then closed over
the entire surgical area with a continuous 10-0 monofila-
ment nylon suture.

For purposes of example, the preferred embodiment
of the seton 10, as shown in FIG. 1, is approximately 6
to 8 mm in length and approximately 7 to 9 mm in width
at the base of the triangular portion 12. The neck por-
tion 14 is approximately 2 mm in diameter while the lip
portion is approximately 3 to 4 mm in diameter. Simi-
larly, as shown in FIGS. 24, the preferred embodiment
of the invention is approximately # mm thick.

It is possible to attach a polypropylene suture (not
shown) to the seton 10 so that it may be postoperatively
retracted from its subscleral position should the eye
become excessively soft, a condition known as hypoto-
nous. In addition, the seton 10 may be colored to enable
easy visualization of the seton in the eye.

When properly inserted, seton 10 acts to allow aque-
ous within the eye to migrate from the anterior chamber
23 to the space beneath the scleral flap 28. Serious infec-
tion of the eye is prevented since the hydrogel material
from which the seton 10 is constructed will not allow
bacterial ingress to the anterior chamber 23 through the
seton 10.
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While described hereinabove in detail, the descrip-
tion contained herein is for purposes of example only
and should not be construed to limit the scope of the
appended claims.

We claim:

1. A seton for reducing intraocular pressure compris-
ing a body portion, said body portion being substan-
tially triangular in shape and having a cross-section
which varies from substantially elliptical to substan-
tially oval, a neck portion extending from said body
portion, a lip portion formed about said neck portion,
said seton being constructed from a biocompatible po-
rous hydrogel material and said seton further including
a peripheral edge.

2. A seton as set forth in claim 1 wherein said lip
portion is at the end of said neck portion farthest from
said body portion.

3. A seton as set forth in claim 1 wherein said seton
material is a hydrogel material having a water content
ranging from 30% to 79%. -

4. A seton as set forth in claim 3 wherein said seton
peripheral edge is substantially rounded.

5. A seton for reducing intraocular pressure compris-
ing a body portion, said body portion being substan-
tially triangular in shape and having a cross section
which varies from substantially elliptical to substan-
tially oval, a neck portion extending from said body
portion, a lip portion formed about said neck portion at
the end of said neck portion farthest from said body
portion, said seton being constructed from a biocompat-
ible porous hydrogel material having a water content
ranging from 30% to 79% and, said seton further -
cluding a peripheral edge which is substantially

rounded.
6. A seton for relieving intraocular pressure compris-

ing, *

a body portion which is substantially triangular in
shape and whose cross-section varies from substan-
tially elliptical to substantially oval;

a neck portion extending from one corner of said
body portion; and,

a lip portion formed about said neck portion, said
seton being constructed from a biocompatible po-
rous hydrogel material.

7. A seton as set forth in claim 6 wherein said hip
portion is at the end of said neck portion farthest from
said body portion. |

8. A seton as set forth in claim 6 wherein said biocom-
patible material is a hydrogel material having a water
content ranging from 30% to 79%.

9. A seton for relieving intraocular pressure compris-
ing, -

a body portion and a lip portion, said body portion
having a first end, said first end having a narrowed
portion which is arranged for insertion into the
anterior chamber of a human eye, said lip portion
being formed on said narrowed portion of said first
end of said body portion to inhibit the extrusion of
said first end of said seton from the eye when said
seton is implanted in the eye and said body portion
being of a similar size or larger than said lip portion
to prevent said seton from being drawn into the eye
after said seton is implanted into the eye, said body
portion and said lip portion being formed from a
biocompatible porous hydrogel material.

10. A seton as set forth in claim 9 wherein said body

portion is substantially triangular in shape.
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11. A seton for reducing excessive intraocular pres-
sure caused by glaucoma, comprising, a body portion,
said body portion being substantially triangular in shape
and having a cross section which varies from substan-
tially elliptical to substantially oval, a neck portion
extending from said body portion and a lip portion
formed about said neck portion at the end of said neck

portion farthest from said body portion, said seton being
constructed from a biocompatible porous hydrogel
material having a water content ranging from 30% to
79%.
12. A method for reducing intraocular pressure, the
steps comprising,
creating a limbus-based conjunctiva and scleral flap
by making an incision near the junction of the cor-
nea and the sclera,
excising a portion of the cornea, Schalbe’s line and
the trabecular meshwork by making incisions into
the anterior chamber beneath said flap,
inserting a first end of a seton beneath said flap, said
seton being constructed from a biocompatible po-
rous hydrogel material and including a body por-
tion and a lip portion, said lip portion being formed
on saitd first end of said seton, said body portion
having a peripheral edge,
suturing said flap about said seton such that said seton
extends radially from the anterior chamber to the
space beneath said flap and such that at least a
portion of said seton extends from beneath said
sutured flap, and
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closing the conjunctiva about said flap and said seton.

13. The method as set forth by claim 12 wherein said
seton 1s made from a hydrogel material having a water
content ranging from 309% to 79%.

14. The method as set forth by claim 13 wherein said
seton first end which is inserted in said incision through
the sclera 1s larger than said incision so as to maintain

the position of said seton when implanted and said body
portion of said seton is substantially triangular in shape
and has a cross-section which varies from substantially
elliptical to substantially oval.

15. A method for reducing excessive intraocular pres-
sure caused by glaucoma, the steps comprising, creating
a limbus-based conjuctival and scleral flap by making an
incision near the junction of the cornea and the sclera,
excising a portion of the cornea, Schalbe’s Line and the
trabecular meshwork by making an incision into the
anterior chamber beneath said flap, inserting a first end
of a seton beneath said flap, said seton being constructed
from a biocompatible porous hydrogel material and
including a body portion, a neck portion and a lip por-
tion, said neck portion extending from said body por-
tion, said lip portion being formed about said neck por-
tion at the end of said neck portion farthest from said
body portion, suturing said flap about said seton such
that said seton extends radially from the anterior cham-
ber of the eye into the space beneath said flap and such
that at least a portion of said seton body is exposed
beneath said sutured flap, and closing the conjunctiva

about said flap and said seton.
. % %k * %
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